Summary Administration of the photoactivable compound chlorpromazine (CPZ) to SKH-1 hairless mice via their drinking water (CPZ, 0.01%) significantly reduced the rates of accumulation and yields of squamous cell carcinomas induced by long-term repeated exposures of these animals to solar UV radiation. This protective effect of CPZ was partially reversed in mice given a single injection of ethyl nitrosourea at birth. In in vitro studies, the presence of CPZ (0.2 mM) in mammalian cell cultures enhanced the yield of DNA singlestrand breaks induced in the cells by exposure to monochromatic UVA radiation at 334 nm. Collectively, the results suggest that CPZ may exert antineoplastic effects against UV-induced skin tumours by the induction of DNA damage.
Chlorpromazine CPZ, 2-chloro-N,N-dimethyl-10-phenothiazine-10-propanamine), a commonly prescribed sedative, tranquiliser and anti-emetic, is also a highly photoactive compound (Kochevar, 1987) . Photoactivation of CPZ produces oxidising CPZ radicals (including promazyl, peroxy and hydroxyl radicals) that are known to have cytotoxic effects on biological systems (Ciulla et al., 1986; Decuyper et al., 1986; Fujita et al., 1981) . Therefore, the exposure of individuals ingesting CPZ to high fluences of ultraviolet A (UVA) radiation (radiation between 320nm and visible light, such as that found in solar UV or tanning booth radiation) should increase the body burden of oxidising radicals, especially in the epidermal tissues, into which the longer wavelengths of UVA readily penetrate (Bruls et al., 1984) . This increment in tissue free radicals should enhance tumorigenesis, in keeping with the postulated role of free radicals as promoters of neoplasia (Gilbert, 1972; Greenstock & Ruddock, 1978; Greenstock & Wiebe, 1978; Pryor, 1978; Troll, 1978; Ames, 1983; Kinsella et al., 1983; Marx, 1983; Cerutti, 1985; Jones, 1985) . Therefore, it might be anticipated that the ingestion of phenothiazines that are susceptible to photoactivation would enhance tumorigenic risk. Contrary to such expectations, however, clinical observations (in cancer patients given CPZ as a nausea suppressant during chemotherapy), epidemiological studies of mental hospital inmates receiving phenothiazine therapy and experimental evidence from studies with rodents indicate that phenothiazines such as CPZ may have antineoplastic activity (Jones, 1985; Darkin et al., 1984) .
Because none of the foregoing studies of phenothiazine antineoplasia addressed the issue of phenazine photoactivation and the biological effects of the resultant oxidising free radicals, we were prompted to perform an experiment to test possible enhanced or diminished neoplastic effects of dietary CPZ in groups of rodents exposed to carcinogenic solar UV radiations. The preliminary data have been reported previously (Peak et al., 1987b) . Here we describe the kinetics of tumour appearance. We also assessed DNA breakage in cultured mammalian cells exposed to CPZ and UVA to determine whether CPZ can cause photosensitised DNA cleavage in intact mammalian cells, as well as in isolated DNA (Decuyper et al., 1986; Fujita et al., 1981) or in a DNA nucleotide residue (Ciulla et al., 1986 (Huberman et al., 1984) were grown and irradiated with monochromatic 334nm radiation (present in the solar UV spectrum) exactly as described (Jones et al., 1987) , in the presence or absence of CPZ (200 pM).
Chemical treatments Fresh CPZ (lot 44F-0667 from Sigma) was prepared three times weekly and dispensed from brown glass drinking bottles in deionised water. Animals were given 0.01% CPZ in their water for the first 10 weeks of the experiment, then the concentration was increased to 0.1%. A preliminary study showed that with this protocol the drug is subtoxic. ENU was administered by intraperitoneal injection within 24h of birth at a dose of 100 Mg per g body weight. To assess DNA damage in cultured mammalian cells, CPZ was used at concentration of 0.007% and administered as described (Jones et al., 1987) . Tumours and pathology All visible cutaneous lesions (>1 mm diameter) were recorded weekly, and only those that persisted were scored. At the end of the experiment, animals were preserved in 10% formalin. Fourteen characteristic tumours were sectioned and stained by routine histochemical methods, plus the two apparent tumours that appeared in the ENU + CPZ group.
Alkaline elution assay DNA single-strand breaks (SSB) were determined by the alkaline filter elution technique Kohn et al., 1981) . The numbers of breaks induced in the DNA of human cells in culture by monochromatic 334nm radiation in the presence and absence of CPZ (200 pM) were calculated from the slopes of the elution profiles as described (Kohn et al., 1981) with an X-irradiated (3Gy) standard; 3 Gy of X-rays have been shown to induce 8.1 SSB per 1010 daltons in human cells (Hill et al., 1988) .
Results
Skin tumour induction The rates of appearance and yields of tumours are shown in Figure 1 . No tumours developed in mice that did not receive UV treatments. (Two apparent tumours in the ENU + CPZ groups reported earlier (Peak et al., 1987b) were subsequently identified as necrotic sebaceous cysts.) All the other tumours sectioned were diagnosed as squamous cell carcinomas at the end of the experiment.
In the UV-treated groups, tumours first appeared between the 9th and 17th weeks and were present in all mice by the 40th week. Comparison of tumour yields in mice receiving DNA damage Figure 2 shows that the exposure of mammalian cells to monochromatic radiation at 334 nm alone caused a substantial SSB incidence, as was demonstrated previously (Peak et al., 1987a) . No SSB were induced by the CPZ in the dark. The data in Figure 2 also demonstrate that the presence of CPZ at 200 gM during irradiation approximately tripled the yields of SSB per unit fluence. The experiment was repeated and gave essentially similar results. Therefore, the presence of membranes and chemical barriers around the DNA in the intact cells (as opposed to exposure of isolated DNA (Ciulla et al., 1986; Decuyper et al., 1986; Fujita et al., 1981) ) did not protect the DNA from damage resulting from the photoenergetic production of CPZ radicals.
Discussion
The current observation that CPZ ingestion markedly inhibits solar UV-induced squamous cell carcinoma in hairless mice is in agreement with prior evidence for antineoplastic effects of phenothiazines in other systems (Darkin et al., 1984; Jones, 1985) . The possibility that CPZ is exerting its protective effect here by screening the target cell from UV exposure is unlikely in view of the partial elimination of the antineoplastic activity of CPZ by the ENU treatment (which has no intrinsic skin tumorigenic effect). Clearly, under the latter conditions tumorigenic UV radiation reaches its target despite the presence of CPZ. As yet, it is unclear whether the antineoplastic effects of CPZ are exerted by the parent compound or by UV-induced photoproducts. However, the observations that (a) such photoproducts cause DNA breakage in mammalian cells and (b) UV penetration in skin is sufficient to photoactivate ingested CPZ (Bruls et al., 1984) are compatible with a causal role for photoactivation in CPZ antineoplasia.
Further studies are required to verify this causality and to determine whether the antineoplastic mechanism involves: (a) direct cell killing; (b) enhancement of DNA repair processes, possibly induced by DNA damage itself; (c) stimulation of immunological defences against tumour cell propagation; or (d) inhibition of the promotion phase of tumorigenesis by such possible means as inhibition of protein kinaseC (Mori et al., 1986) , an enzyme involved in cell surface signal transduction that is responsive to promoting stimuli (Nishizuka, 1984) .
